Sumimary. The transport of indole-3-acetic acid-1-14C (IAA) through 4 mm segments of etiolated Avena coleoptiles was studied as a function of time by applying IAA in apical agar blocks and measuring the basal IAA export rate at 5-minuite intervals. The transport velocity found in this way is at least 15 mm/hour at 260. Following a 30-minute equilibration period, the export rate is nearly constant for at least 50 minutes at physiological donor concentrations. Exposure to about 3 X 105 ergs/cm2 blue light for 15 minutes leads to a transient reduction in the export. The export rate reaches a minimum about 25 mintutes after the onset of illumination, then rises to reach a maximum by 35 minutes, and subsequently declines again. The result is a net export depression during the first 80 minutes, amounting to some 12 to 17 %. Its timing closely matches the timing of the light growth response elicited by the same light dosage.
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At higher IAA concentrations (0.5 and 1.8 mg/l), the export rate reaches a peak about 60 minutes after the initial application of auxin, and thereafter declines rapidly. Light increases this decline in export rate, without causing peaks and troughs, and even at 0.25 mg/l IAA the transient changes in export appear to be superimposed on a gradtual decline in export rate after illumination. Blue light is effective in all these phenomena; the red far-red system appears to exert no effect. The results are discussed in relation to the mechanism of action of light both in the light growth response and in phototropism.
WVhen the stubapical part of the etiolated oat coleoptile is exposed to a tunilateral pulse of strong blue light, its response includes a transient depression in growth rate as well as eventual cturvature toward the light souirce. The light-growth response ( LGR) does not need to occur for the plant to cturve (4) , and it is well established that phototropic curvatuire involves lateral movement of auxin (3, 16) rather than the changes in tissue sensitivity, atuxin produiction, or auxin movement that might be expected to produce a growth response. Thus there is little basis for an assumption that the LGR produices phototropism.
OIn the other hanid, the close similarity between the LGR and phototropism in terms of dose-response relations (51) it could be shown that a light-aulxin response parallels the LGR, just as lateral transport parallels phototropism, then it would almost surely follow that the LGR and phototropism have a common origin. In that case the LGR could be viewed as the transient outptut of a system whose long-term output is phototropism. The lack of work on the LGR dturing the past 25 years, compared to the nutmerouis stuidies of phototropism, appears to have resulted from a number of investigations (7, 20, 26, 27) in which the limited precision of the Avena bioassay created a confusing and contradictory picture of the light-auxin response. The clarification of this response therefore seemed of ftundamental importance. With the aid of labelled auxin at high specific activity, it has been possible in the present investigation to study auxin transport on a brief enough time scale to provide an adequate parallel to the LGR. Starting 30 to 35 minutes after auxin application, test illumination was provided with the lamp set about 450 above the horizontal. A second light dose, starting 60 to 65 minutes after auxini application, was generally included as a control and was found on comparison with single-dose experiments to give no measurable effect during the 85-minute experimental period. This lack of effect was expected from the partial refractory period of the LGR (11) and indicates that the response to the primary dose is not a thermal effect.
Material and Methods
Since the light dose (10-15 min) was longer than the 5 minute interval between changes of receivers, handling requirements made it necessary to give both members of each pair of sets the same light treatment, and to perform control and test experiments at different times. These times were chosen at random over a 9-month period.
At the end of each experiment the planchets were stored in a deep-freeze for 1 to 5 days, after which the frozen agar was heated to 90 to 100°o n a hotplate and spread evenly over the flat surface of the planchet with a curved spatula. Dried specimens were heated for 5 to 10 minutes and either restored to the freezer or immediately counted for 30 to 80 minutes on a Nuclear-Chicago automatic gas-flow counter with a background of 3 to 5 CPM.
To prevent cross-contamination, the spatulas used in handling agar blocks were washed between use. Rinses in 3 successive flasks of distilled water were found sufficient to reduice the transfer of isotope to backgrouind levels (24 marked activity was present in the fifteenth to twentieth minuite. The following metho(d was used to verify the reality of the rapid atuxin transport. If no radioactivity were exported uintil the fouirth .5-mintute interval, then on the average the couints dule to background shouild he identical in the second and thirdl receivers. Thus the cotunt ratio third: second shotild average tunity. This ratio was determined in each of 23 experinments. The (leviations from unity were stubjected to a t-test (10) , with the resuilts shown in table 1. With a 2-tailed test the meani deviation (liffers from tunity at 99.9 % confidence. Thtis the extra radioactivity in the third receiver is not a statistical artifact.
Sinice atuxin could have begun to enter the thir(d r-eceiver at anv time between 10 and 15 minu1tes after the start of the experiment, the initial transport velocity is betweeln 15 an(d 26 mm/houir. A velocity even above 26 mm/houir cannot be exclu1ded, since it was impossible to determine in these experiments whether the second receiver also contained auixin. The export of auxin from short sections is known to decline almost to zero in a few hours, while the uptake and binding proceed linearly for several more hours (9) . This suggests that an auxin-degrading system becomes active at the basal cut surface of the sections. The auxin output from old sections cannot therefore be taken as a direct measure of the operation of the transporting system. As a practical matter, the stimulus in photoresponse studies must be given early enough so that the response takes place before the export has begun to decline.
The sharpness of the decline in export depends on the concentration of auxin in the donor as well as on the length of the sections (9) . For this reason several auxin concentrations were tested in order to find the optimal level for photoresponse experiments. Figure 3 shows the time courses of the export of auixin when the donor concentrations were 0.13, 0.25 and 1.8 mg/I. These experiments were performed without exposure to blue light. In a few cases far-red light was applied, but was found to be without effect. At 0.13 and 0.25 mg/l IAA the export rate (van der Weij's transport capacity) was nearly constant between 35 and 65 minutes after auxin application. In contrast, at 1.8 mg/l IAA there was no period of constant export rate. Preliminary experiments at 0.5 mg/l IAA (not shown in fig 3) always showed a similar sharp decline.
The data in figure 3 were normalized so that all curves became concurrent at times up to 30 minutes after auxin application. During the subsequent period a 100 % change in donor concentration (from 0.13 to 0. 25 For quantitative study of the oscillation, it is uiseful that tests and control experiments proceeded under identical conditions for the first half houtr. However, the total export during the first half hour did vary from experiment to experiment, and it was therefore essential to relate the export rates which developed in later time periods with those found at the beginning. For this purpose the export rate for each interval of time after supplying auxin has been plotted against the total amount exported in the first half houlr. Figure 5 shows that the plot is linear. However, after the tenth figure 6 has obvious parallels with the short LGR described by \Vent (26) and van Dillewijn (5) . To determine whether similar growth responses were elicited uinder the present conditions, both intact plants and plants whose apices had been replaced with 0.25 mg/l IAA in agar were stimulated for 10 or 15 minutes with the same blue light as that usedl in the transport experiments. Figure 8 shows that illumination causes the growth rate to utndergo a brief dip, having a minimum about 20 minutes after the onset of illumination. Thereafter the rate rapidly recovers and overshoots that of the controls. In intact plants, the overshoot gives way to a second and longer periocl of subnormal growth, which was not seen in decapitated plants.
The results, shown in figure 8 , agree with those of previous investigators (5, 11, 12, 26 In these experiments the red working light should have saturated the red-light response system of the coleoptile (2) . The blue test lamp was chosen primarily to limit possible heating effects from long-wavelength radiation during the test exposure. No difference in either time course or total auxin export of the controls was detected whether or not they were given weak far-red light in addition to the red working light. Furthermore, the lightauxin response was not duplicated by a transient increase in the red light intensity. Thus while the light sources were not chosen to provide an action spectrum, it is evident that the light-auxin response is elicited by the blue end of the spectrum.
Discussion
Short-Termiii Auxin Export: Genertal. The present experiments show a higher initial auxin transport velocity than has been derived from linear extrapolations. They also show that an equilibration process is involved in establishing the plateau export rate (fig 5) . Here the export rates from the control experiments, when plotted against the net export during the first half hour, fall on a line passing through the origin. In contrast, the regression lines do not pass through the origin at times later than about 35 minutes after the application of auxin. A downward shift of each export plot would cause it to pass through the origin and would leave it with the same slope as in the plot at 30 minutes, which already passes through the origin. Thus the sections export auxin better after 35 minutes than their performance during the first half hour would have led one to expect. It may be proposed that auxin was being shared between the transport stream and another system during the first half hour, and that this sharing was complete by 35 minutes so that more auxin became available for export. However, a remark on the technique of measurement is in order. The growth response takes place everywhere at once and is measured in sum at the apex of the coleoptile. On the other hand, the auxin response is measured only through the events taking place at the basal cut surface, excluding the contributions from upper regions which require a finite transit time t,o reach the base. Unfortunately, kinetic analyses are difficult since the auxin-flow system is not in a steady state. The simplest interpretation is that the auxin relations in the regions far from the basal cut surface do not contribute to the measured light-auxin response. This is not to say that no response takes place above the cuit surface, since the LGR is proportional to the length of coleoptile stimulate(d (26) . But if all the zones respond with the same time relations and the same percentage change in auxin output, then no wave of abnormal auxin transport should occur, to be propagated down the coleoptile. Thus pending quantitative treatment, the similarity between the light-auxin and light-growth responses suggests that the relative sensitivity to light is the same all along the part of the coleoptile under study.
Earlier attempts to find light-auxini responses have met with varying results. Oppenoorth (13) made a number of studies on extractable auxin, but the role of extractable auxin in growth is doubtfu1l (9, 28, 29) .
Examining by bioassay the auxini exported in the first half hour after exposure to strong light, Stewart and Went (20) failed to detect any effect of light on export. During this half hour only the negative phase of the short LGR should have been registered had the plants been growing. These experiments differ from ours in lacking an auxin donor during the collection period. Their negative findings, therefore, suggest that an apical auixin supply is essential to the appearance of a lightauxin response.
DuBuy (7) provided his coleoptile sections with auxin and divided the collection periodl into intervals so that comparisons like ours in table II could be made. In this way a relative depression of some 13 % was noted in the interval 30 to 75 minutes after the onset of a 45-minute exposure to (5) is such that the net reduction in auxin export over a 3-hour period should be no more than 2 % (24), far too smnall a change to be de- tectable.
The gradual export decline after illumination is more difficult to interpret than is the transient modification. It was mentioned above that excision seems to induce the formation of an auxin destruction system at the basal cut surface in coleoptile sections, and that the speed at which this system develops depends on the auxin concentration (fig 3) . There was some early evidence, based on bioassay, that light promotes the development of the non-photolytic auxin degradation system in cut seetions (14) , allowing auxin-free coleoptile sections to increase the destruction of auxin in agar blocks. The gradtual decline in export after illumination appears to support this early work.
The transient light-auxin response is similar enough to the LGR to suggest that both have the same cause. Two major possibilities are open; either light may directly inhibit the polar flow of auxin (19) , or light may stimulate the active uptake of auxin into lateral channels. In both cases a growth response should be recorded. The agent directly responsible for these changes might be, for instance, a transport enzyme. The continued inpuit of auixin from the donor, or the apex, will cause the auxin to pile tip in the affected area, uintil its concentration becomes high enough to restore the original flow rate. On retutrning to darkness the transport enzyme wouild recover and the stored auxin be released. This mechanism accouints for the growth overshoot in the LGR, sometimes known as the dark growth response.
A choice between these 2 proposals is not possible on present information. If the polar flow were directly inhibited, then unilateral illtumination should lead to transient phototropic movements during the LGR without implicating lateral transport of auxin. The extended lateral transport that would be required for long-term phototropism (16) would then presumably be provided either by an entirely separate mechanism or (less probably) by lateral auxin diffusion. 
